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[AiWS] 
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[CH£I£1] 
[4JA^?] 

[if 31] 



2000.12.06 

mtt gfll&f°l SSI^IS ^£!51MS ^ 
£l bH^d ^35° I &i£xll ±X\ HIS £fS 

Method of Fabricating Semiconductor Device 
Employing Copper Interconnect Structure Having 
Diffusion Barrier Stuffed with Metal Oxide 

4-1999-061302-3 

9-1998-000146-0 
1999-068197-1 

4-1999-061302-3 

mm& B\42^o\ ^ §0 ]| o|gh S °j , n^g HI 60S 

°i ^schi °i& ssi^JAf § m=?mua. ch e.i 2j 
3§y (oi) 

20 3 

4 a 

0 Zd 

9 if 

430,000 £! 

(70%2f£) 
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29,000 
4,000 
0 £! 
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-g-f-o.^ ^p-ej tifl^i ti>s.^} -#-§-3-1- =r 9Xt= &S.^ ± 

£ 6 
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;*]- ^flS ^-^{Method of Fabricating Semiconductor Device Employing Copper 
Interconnect Structure Having Diffusion Barrier Stuffed with Metal Oxide} 
^] 

£ H^l £ 7^ ^ ^ofl n).^- ^el wfl^d ^3: ^ « 0 >^^ ^ ^*H1« 

£ 9a vfl^l 9d^ ^-Bj afl^i ^-a^ -g^efl^l &c>H IH^IW 
ZLS^jl TiN ofl^t!- ^&]^ °fl*l u)E( Etch Pit ).g. 

10: 7]% 20: ^-£.^1^- 
22: sflBj 32: TiN «J-^ 

34: IH^]^ 40: ^B]^- 

50: ^-ElwflA] 
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<9> -g- ^^-gr *}-£*ll ^ °fl ^ %°-3.*\ , iiCf ^14^ «V£*ll *H 

2: ^*<H1 &<H-H Wfl^l ^ £tt 

<10> ti>J£*fl ^s}^ £1711 7)^1 ^^Hfr ^ 

^4 *1 4i7>l:# ^7l^AS <£^*Rr ^^^-S. ^^4. ^V** #7} 

^^Rr Hfl^d ^ 5E^r ^ (Metallization)^ 4 

*Krtil , °1 ^§£r ^7>2l ^J£7}- ^7>^1 44 ^-§-4 <03)^,g- ^4?]^ 
Cll 4^1 =U &4. 

<ii> tiflAi 7flSS ^ ^o]jl oi^ ^nl^-olcf. nam, 

^£7> ^7>^-oll 44 ufl^ ^^>J1 # ^7}-<5>7fl S]J1, <>H1 it}. 

4 RC ^l^^s S44xr ^l^^i^ 4 < 24#°1 ^447fl €4. SE*b yfl*} ^o] 
4^i*H 44 ^7l^ c>l-iKElectromigration)°14 -§-^ ^l^CStress Migration) 
ofl W «fl#4 S-^flS. tfl^ji oiuf. 444, ^4 m} 

sji ^4* *fl447l IH^I^J^ 4^ #7H 

6 1*°14 -S-^ ^ 7i^o] 3. ^xbII- ol-§-^ tiflAl^- *J4^ 

5£^r 4^ -f^^ 7}7|n 014 c*4. c^ll- #4, Al 2 0 3 4 7 ^ 
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1020000074025 #^ Qx}-- 2001/11/22 

^ iLM^ 0 l £0.1^, o)A>Sl.fl-^(Si02)^ tfltl- ^^°] M-ffiJl, £^ 

ai^-o] o^t}. h^, *!e^ iflofl^ ^^1^7}- ^-f-oj^tf *W 10 6 

tifl^JE £Ld} , -^el^ tflJfS. ifflH. 7 J(Band Gap)A}°H 2^ 

*1 ^(Deep Level)* ^*Kr 3-° 5- 5^. Si0 2 ^ 

^l^i ^HiMl^E €■ <£^7i\ $X^n, °)t= ^e] wfl^i ^R3* 

#^7l7fl ^Cf. ^ ^€r°]^ Si0 2 ^^7> 7^]^ ^ S^jj]^ 

^15]^* £171] *1zjVX|?l7fl ^Cf. llJ-eM, ^ tifl^i ^<*1M ^}°] Al 

S1S= SK* ^"(Diffusion Barrier)^- 7fl^Rr %o} ^g^o]^. 
<is> ^e)o]l cfl*V 3^ « 0 M^S^^ IH^I^- afl^^o^ ^tiV^A 

^ AV-g-^M^r TiN tflAl ^-^^.S. Ta 5E^r TaN^ SJ-bJ-o] ^fl 

^aV^ A>-g-£]ji £)t}. ^i?V ^7>5] £l7l7> 3j-c>^o11 ^-ai (contact) 

S3]*] (trench) ^l^M: &*t^t *fl ^)^(step 

coverage H t^}^ $X°] CVD ^ «<>M^ ^<3} 7 fl^ 

<14> ZL^C-fl, A]5]^ol ^ ^-Xj- « 0 >^^ ^ofl tflsrH ^S^l 7flf^ ^ 

tf^l ^ $U, ^el *fl^I ^# *fl-§-tr #5^1 # 

<15> ^. ^-tg^. S-afl^ Sfl^M flS>oJ o>#^ 3-° 5*1, SKV 
24-5 
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^^1 (grain boundary)* ^*Itr ^« ^-g-^S^ ^-s) «fl^ ^ S o] 

<16> gh^g] ol^^j ttfl^ 

^-£^1 ^-(Dielectric Film) vfl^fS. 3HHrfe 3# «o v ^*>7l flSIHS. A>-g-^c}. 

<18> o]sf ^-a> £i7fl «<M ^"(Passive Barrier), «1 ^1^" 

(Non-barrier), ^-^^ y D >*l ^(Single Crystal Barrier), 

(Sacrificial Barrier) ^ ^ ^1 ^(Stuffed Barrier) SlS. ^ 

nj-xl^o] tifl^ *fls. ^ 71^34^ a}o)6\}*) <g^*v^ o.^. cj^^t)^ ^ ^1^- 

«1 3^ ^ nJ-*1^3 ^^31 (Grain Boundary)!- ^^1- 
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1020000074025 #3 2001/11/22 

«fl^l ^flS. ^ w^^o] £tj-. 3]^ 

JH3: y o v ^m- «fl^ *Hfi 71^- tiV-g-^-o.S'H #^ SKV-g- « c v 

^ ^-a} ^-Tfl ^ HM*M ^^^1 cf^V 

*1 ^ '3R> ^(diffusion barrier failure)'^ 

<19> ^3 yfl-tl^S^^i SH+ *&*]^°) S^if a.7fl t^JSj. € oil 

<20> i) ^-a> ^-o] ^(dislocation^ 7} ^(vacancy )#-g- 

<21> 2 ) 4^3^ j^-Xj. olo^ ^-A> tg-^nl-o} ^^^^11- ^ 

<22> 3 ) ^-A> « 0 M^o} ^p-elM- 7l^-#^4 5}-^^ ^-f^ Sj-ol]. 

<23> o] ^o)]^ ^sm- 7]^ ^0^3 o_ s or^tb SHr ^S. 

^7} 2)«1^ S^V «<M^ ^^311- *f€- 71^; ^7>#ofl Q*Y6\] 

£)n t^W. ^^Tfl-i- trf^ 7l^r ^7>#21 SKl^- 

(grain)^r sKriL^r ^Tfl ^i-M nfi-g-o|tK ^^l* -f- 
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<24> ^^l* a^-fr «<M*Hr ^o.S>H, % ^i^m^ ^H>H7> S 

fc °H *}#*Hr «o V ^ « *T 

*>#*Hr f^KStuffingHe}- *H, o]^*V ^ 

<25> <£^€ ^ ^ 3L7fl ^4i(N 2 ) ^4 

^(0 2 ) ^ 91^. 41 ^1 ^tb M SL4^ ^ v ^H -H 

^ *m ^ £W 33^*1 

PVD CVD ^1*H TiN ^-ir ^^7l SEfe 

o]tq-(°l ^ ^b^fe TiN^ ^fjTfl-I- 3K>*fl «^|7> Ti^l ^>5]-## ^^jis. 

<26> ZL^*]^ ^^M- ^o]l S^Rr ^^)^-°fl tflSflA-^ JL^-^^S. 

^^^ofl cq*fl ^S^EHKTiN) ^ vfl<*l| ^-B-€ ^U^l* H)- 

2} 1:^7} TiN S.^ <l>^1^ ^-Efls €^fl*> 

Tfl 51^^, o]B^l ^1^31!- n}-5} ^Sfl #<H^r o^-s^^ij. H> 
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<£] ii^^r. ^l#3 °l-n-^ 5. l°Ui Ji^^l ^-o] 

w <1 (Enthalpy of Format ion) °] e]e}^- ^#Jitq. ,§-0.3. c) 3 

71 tffl^l ^EHrSr ^W^L SH 5 -*^ 

«teb«Hr ^El~M- AV^sf tfV-g-^ ^ ^ 

<27> [5. 1] 







298K<>I|A1^ ^g^UkJ/^-J 


ri-o 


TiO 


-519.7 


ri 2 03 


-1521.6 


n 3 o 5 


-2457.2 


Ti0 2 


-944.0 


Al-0 


AI2O3 


-1675.7 


Cu-0 


CuO 


-168.6 


Cu 2 0 j 


-157.3 



<28> o]<4 ^Ol , l^^ofl ^*H-^7V TiN ^Ol^-ofl tfltfl^ 

^ -§-43 SH-^ 71^ SM nfl^-oll SKI; « 0 M3- *fl3 f-R- 

*w ^-a- ^^i7ife %sls- 
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n 2001/11/22 



n *Hl^f TiN ^^3H*1 a>5}-#* ^^^H 5. 2^ EHf^ ^ 

<30> [jE 2] 





Ca 


V 


Nb 


Mo 


Hf 


Ta 


W 


oxide 


CaO: 


V 2 0 5 : 


Nb 2 0 5 : 


Mo0 3 : 


Hf0 2 : 


Ta 2 0 5 : 


W0 3 : 


enthalpylkJ/mol J 


-^b 


Mg 


Ti 


Zr 


Cr 


Zn 


Be 


oxide 


A1 2 0 3 : 


MgO: 


Ti0 2 : 


Zr0 2 : 


Cr 2 0 3 : 


ZnO: 


BeO: 



Al, Zr, Cr, V, Nb, Hf, Ta ^ TiN *fi, Ti^ 

^t*>Jl ^ €^>1:^- ^lr* ^H^, o]e^V AV5}-# 



<32> Mj-tg^ 7)1.0. 

<33> M}-^ ^n]^- Ufl^oll A>^-£)^ TiN ^ol^-ofl cfl*H S4^] 
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*i* 7i on #^(<^m sh^i^h ^<a*Kn 

<34> OH, Aj- 7 j AV^-g. ^*^ol 3. ^ ^i=. 4H1 MV^-Ol ^ Efl 

5- ^^l-TiM- #7l ^ ^-fr ^-frt!: 7>i 5E^r ^71 oj^g- ^-£r*> 

oflo. ol-g-^ ^-av ^1^ 4H1 ^f-lr ^*K£^ <*H <>leR> 

T^-f^ H. ^V\)±r 7M£^ ^^^^ ^3*1 «ll^ ^Sl# 

<35> Aj Al cfl 

<36> ol^ ; ^JjL^ i^o} H].^^ ^AH1# J^t}- Aj-^^] 

< 37 > £ l ifl*l £ 6£: n}-& «h£*)l <H ^*H1» iL<^§ 

4. £ Hfe *KE*ll ^7>ol SL^S]^ ^"71 ti>£^l ^7>^ 

7l^-(10)^f #7l 7l^-(20)^Hl ^^£l^ ^J£*im-(20)# S^-t!:^-. &^*\) 7l# 
(IOHItt tH^l ^>#ol ^s]<H fl^D, ol§ ^-i-sL^ ^tfl ^A>s|.^ 
^r^l(MOS) M^^l^E-luj- o}^^ e^fl^^BKBJT) ^ ^ # ^ 5^. 

24-11 
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51*13 #51*11 :£*Rr 4* wfl^l ^# *ti-g-SHr 4 s SU^Hl, °1 3 ^-f 

7l^(10)-8: #51*11 i4f3f ^7] ^Hg-fr #7}^<L3. <S^Rr ^ 
S.^ ^rS. $lt±. YSL^m(20)^r ofl^tfl °1 A>3^^( Si02 )u|. 
^3RHfdL(Si3N 4 )7* € *r 5*°-^, 51^§€ -B-Bl^ol ^ ^51 ojcf. ^-£^1^" 
^ zl #fM] 3« 71 ^ f^o^ #5}^n> 7^ (Plasma 

Enhanced CVD) ^-°1 A}-g-^cf. a}^^ ^HH StH^, ^SK^SiC^) 
7} CVD<^1 

<38> ^ofl^, 51 2 ofl 51*1 ^ w}<4 ^-o] ^-s^nj-ofl «lo>(vi a ) 2fl€(22)°l ^ 

^1^* ^^f-AS.^ ^^^cf. ^-^°1 71^: <#9] i7} SE^ ^#^1 ^-^H 
^#*Hr ^#^1 ^I^^fe *lo> sfi^(22)ol ^-£^^-(20)* 71^(10) 
<H] olH £ s ^^^cf. ZL^Xl^ ^ijj- ol^ol ^= ^^oll olol^^, 2fl 
fi(22H 7l$-(10Hl ^1^1 gr-g- ^^^cf. J£ 1 vfl^l £ 6-^ ^ 

<*H ufl^. tilo> 51 a)^ 3°14. 

<39> ti]o> sfl^ol ^-SL^j^l^ si 3cfl slaI^ v}s^ £0) ^^1^-0.^ 

*\ TiN *W32)o] CVD^I ^^4. vitft^ *1*HH 9X°1*\ , 

TiN ^(32)^8: 100 ^-iSf ^51^1 =g^^t}. 6 1<>H TiN ^(32)^1 

^^^TlHl *h£» #^1^1 71 7l ^tb ^# 4^W. ^db2l ^Al^ TiN ^ 
(32)* TiN ^(32) -g- ^-71 #ofl ^Al^lTlM-, s| u|i( furnace 
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1020000074025 #^ «J*>: 2001/11/22 

<i^El# ^ #^*} TiN ^(32)^ ^ 

<40> c»l<H>H, £ 4°1] 5.*}& w}-<4 ^o] ^#o_S^ ^ ^-hVdV(34) 

* CVD^l 2]*fl w>^tb *J*HH 5^*1, WI-h- .^W34)£ 

0.1-2 H-^]EKnm)^ ^lS. ^a^tf. TiN ^(32) ^ IH 5 -*!^ ^-«v 

<4i> £ 541 *1<>> sfl^-i- ^ ^ ^JES ^s]*K40)°l <§^€4. 

^ 3 40)^1 PVDM- ^(Electroplating), IEtt -g-^-fMSj-Sr 7}^ 

#2M?J(M0CVDH 0)^0]^. ^zj-o] <g.j=L^ j£ofli=. 3= 6 ofl 

^HflS. tiV^fl ^SM^Tfl ^Cf. H}^*)^ ^AHlofl &0)A\ f ^Ej-sj- 

-g-^^r ^t^-^Tfl*} ^KCMPHl 2)n *)^T2mSLS- TiN «>^-(32)2}- ^^l^ 
^-^(34)^ ^^^(40)^ ^[Tj^^S.^ ol^-oj^lrf. ^tgaj cfs ^ 

*HH 5a°Hxr wl^d^^ #^^> z\m n Jr#<^ € ^£ 

5£t}. fes]^, *KE*fl Ji7> ^ 0 H1 JgtrS^ ^£*)1^(20) A 0 H] ^ 

^ Hfl-?d 2fl^(50)ol ^-EflS. 5^1 S)*}, -^51*11 ^(20) -4 tifl^i 4^(50) A> 

oHl^r TiN ^(32)4 IH^I^ ^^-(34)^.5. ^€ ^ «oM^(30H 

<42> je 8 ^ £ 9^ nj-ej- ^s)^ ^s) «fl*i H 

S^lcf. £^ ^^HHl &<>Hfe, 89J^1 31 °1 ^ ^Hl TDMAT 

24-13 
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o]-g-^o^ <g«.*fl TiN 200 iiSfS] ^fls. 

^^>^cf. oj X\j£^t lxl inch 2 ^ 3.715. cf^-, ^. 3H1 3]^- *}^] 

i^E^l- a>^><^ ^p-e|# <S<>H^ ^aj-sKa, 5xl0- 6 £ = 

(Torr) ^ &3)7M*\ I^Bl^^rf. 1 a|^o> 

31, ^^S] ^JE^r 500-700 °C A>ol^ ^#o\]X] 50 °C *}^?>}<& 

A. 1^3* c >€ ^l^^l tflsfl 4^ = 5 w. (Four-point Probe)* ^-B-^>^ ^ 
^*r5^. 51 8£- ^"lir n^l^r 1*13 ^£ofl tcj-s. 

^ ^^r* iL°i^cf . «>^r 10 nm ^ 

tr *1^(A)<4| til^fl ^ej^ 3K>* o. s ^oHMl ^ 

# zl^jl TiN s}-^ -g-dj-i- A>-g-*H *Mtr ^ 4lBl€- ^lS(Secco) 
^H 1 *}^. £ 9a ^1*1 9d^ ^Ml 2=sl\+ ^3^- °H*1 s]S(Etch 

Pit)* ^} o.g. A>^§olcf. j£ 9a 9d^ £ 8^ Ml 

7r*l *1^#(A, B, C, D)41 ^ rfl-g-^ 7jo S A^ S.^- 650 °C°)}*\ 1 

^#^14. 5=*1€ w>^f ^^l^f^l ^f^^Hl 4«r ^S. 

^71 13517} -3-2^1 3} ^ 

<44> a}*} j% 7 \ ^^-e-*°l ^S]^ ^ v ^r ^ 

7l ofl 500 °C°1H 1 Al^«?> l^sltr -^1 ^ ^7> <&*\Sk ^ 

IH^Itet* 10 nm f^tr ^1^^ ^H7HH 700 °C*\]*) 1 

24-14 
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CVD-TiN t^tijvfr *H1 ^-S7> 20 at% 5£^>ZL &7] 

^U^H ^-aV^ « 0 Hjfl<£ ^o.5. ol^fl^cf. 

<45> -g^^r H>^tb ^*H« <^H*H=r $°-S-*} 

°HH ^f^S.*! IH^I'b- ^"^M: ^f 1 ^ TiN ^ ^1^(32)^1 

%^$= 7 A—S- <A}^\<&*\^, TiN SKV « 0 M^ cf^iLSL ^€ ^ & 

4. ^7] TiN 3K> t^^o.s. ^^tt ^ ^1^- *W 

oil ScflS IH^I^* °l-g-*M ^tt S. 7^ TiN^# ^ 7fl 

Jf£*f|*K20) ^Hl *fl 1 TiN ^(32-1)^- CVD^l 2]*fl *fl 1 

TiN ^(32-1)^ ^U^N *hfc# #^1^7171 ^RV 4^* ^r^*>Jl, #7] ^ 
1 TiN ^(32-l)^Hl ^^l^-Sr *M 

1 TiN ^(32-1) ^H] *§nS- # 

7}^ ^Mir ol-^-g- ^-o.^ -g-^-t- <>l-g-*H ^ ^} ^ 4H] 

<46> o^Al, %y) #7_V ^j-ofl *|] 2 TiN ^(32-2)^8: CVD<>1] ^«fl -g^} 

TiN ^f^S H^t!" *r ^7] 2 TiN ^*HMI °H ^ 

w>5q- « D >^ o.S ^H]#(40)^r HBlaL, ^ ^ ^*cHl 91 

oH, 2 TiN ^(32-2)<>l ^Ml ?£t°fl tfl*fl ^<H£ # i£<2] 

1^el7> *gt5fl*l7fl ^cf. £ 7^1] *3^<g ^sofl ^^e] 

24-15 
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-f^l^o] *fl i ^ *fl 2 TiN ^(32-1, 32-2) «ttt*r>H z}-z}-o} yvn^ 

€^ll*Rr ^Z}^ <£^v}^ ^>5|-#* *1] 1 ^ 2 TiN ^(32-1, 

32-2)51 ^^}B.S.^ ateKfr Jl^^^S ^ SlTfl ^ 

4. ^L5]ZL, Jl^f I^^IS ^71 2 TiN 

<47> ti>^-3]*V ^Al^ofl ^ ^#O.S 1^*1 Tr 0 l 

V(w>q-^-) ; ^^Rr(Nb), ^>Sw(Hf), t#(Ta) ^-S] ^l^l xl^. 

< 48 > oj-g-ei , 7lAj- ^^(CVD)tfl^H #^ 7)# 

(PVD)*4 3l*fl (Elect rode Plating), ^ (Elect rode less Plating), 

Sj-^aJ ^-^KWet Chemical Contamination), -^(Atomic Layer 

Deposition: ALD) ^ ^€ 9X^. 

^(TiN)^ Af-g-^ ^Al^^^>, oje-ltt ^aH7> cfs. ^Al^ofl 

^Sj-^rl-f-(TaN), ^Sr^^€(WN) ^^1 tRr b| A}-g-^ ^ ^cf. 

ZL^JI ojsltr ^Hr "o v *l^ 7fl^L# «H CVDS *r 

<50> ol^Al A|^*V ^3 aflAj ^ «^ o. ^^v^] rfltr 

24-16 



1020000074025 ^^>: 2001/11/22 

51*11 ^ls ^ofl $Z<H^ife 7m ^ofl ^> *H§^ ^^Hd 

^1 ^^tt 71^; ffi^ ^>#^ #4=^ ^ofl ^-AV « 0 Vx|^- 
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METHOD OF FABRICATING SEMICONDUCTOR DEVICE EMPLOYING 
COPPER INTERCONNECT STRUCTURE HAVING DIFFUSION BARRIER 

STUFFED WITH METAL OXIDE 



Technical Field 

The present invention generally relates to a method of fabricating a 
semiconductor device and, more particularly, to a method of forming an interconnect 
structure in a semiconductor device fabricating process. 



Background Art 

A process of fabricating a semiconductor integrated circuit is roughly divided 
into the process of forming devices on a silicon substrate and process of electrically 
connecting the devices. The latter is called an interconnection process or 
metallization, which becomes a key for improving yield rate and reliability in 
fabrication of semiconductor devices as the devices become highly integrated. 

A metal currently used as an interconnection material in a wide range is 
aluminum (Al). However, as the integration of the device becomes more improved, 
the interconnection line width is reduced, yet its total length is increased, so that this 
lengthens signal transfer -delay time which is represented by RC time constant. 
Furthermore, the reduction in the interconnection line width results in cutting in the 
interconnection line due to an electromigration or stress migration. Accordingly, 
copper (Cu) instead of aluminum (Al) is used for forming the interconnection lines 



since it has lower resistance compared with that of Al and strong resistance against the 
electromigration or stress migration in order to fabricate a reliable device with 
acquiring a fast operation speed. 

However, Cu lacks excellent properties that Al has other than the low 
resistance and high melting point. For example, Cu cannot form a dense protection 
layer such as AJ2O3, has bad adhesive strength to Si0 2 and is difficult to dry-etch. In 
addition, its diffusion coefficient in silicon is larger than that of Al for 10 6 times 
approximately, and it is known that Cu diffused into the silicon forms a deep level 
between band gaps. Furthermore, the copper's diffusion coefficient inside Si0 2 is 
known to be large, which will decrease an insulating property between Cu lines. 
Consequently, this Cu's large diffusion coefficient in the silicon or Si0 2 remarkably 
deteriorates the reliability of semiconductor device. Accordingly, to ensure the 
reliability of the device in a process of forming the Cu lines requires a diffusion barrier 
capable of preventing Cu from being rapidly diffused into the silicon or Si0 2 . 

Ta or TaN thin film deposited by going through a sputtering process is 
currently being used as the diffusion barrier for Cu, instead of TiN generally used in 
the conventional Al interconnection line fabricating process. However, when the 
diffusion barrier is deposited in a contact or trench structure using the sputtering, step 
coverage is deteriorated as the device size becomes smaller and this problem bears a 
request of the process of forming the diffusion barrier through CVD. 

However, development of a new process of forming a reliable diffusion barrier 
for Cu needs a considerably long period of time and this may delay commercialization 
of a semiconductor device employing Cu interconnect structure. 
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Disclosure of the Invention 

Therefore, the present invention is devised in order to solve above problem and 
it is an object of the present invention to provide a method of fabricating a 
5 semiconductor device employing a diffusion barrier whose grain boundary is stuffed 
with the third metal oxide, not a metal element constructing the diffusion barrier, to 
advance commercialization of a semiconductor device with a Cu interconnect structure. 

Brief Description of the Drawings 

10 

Further objects and advantages of the invention can be more fully understood 
from the following detailed description taken in conjunction with the accompanying 
drawings, in which: 

FIGS. 1 to 7 are cross-sectional views showing a method of forming a Cu 
15 interconnecting structure according to an embodiment of the present invention; 

FIG. 8 is a graph showing the sheet resistances of samples based on thickness 
of Al thin film and annealing temperature in an experimental Cu interconnect structure 
according to the present invention; 

FIGS. 9 A to 9D are SEM photographs showing etch pits on the silicon surface 
20 exposed after etching Cu, Al and TiN layers in an experimental Cu interconnect 
structure according to the present invention. 

Best mode for Carrying Out the Invention 
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Theoretical background of the Invention 

A diffusion barrier means a material being inserted between two substances in 
order to prevent the substances from being mixed with each other due to diffusion. In 
5 a semiconductor device fabrication process, the diffusion barrier is used not only for 
preventing the diffusion between a substrate and interconnection material but also for 
blocking the interconnection material from being diffused into a dielectric film. 

The diffusion barrier is roughly classified into a passive barrier, a non-barrier, a 
single crystal barrier, a sacrificial barrier and a stuffed barrier. If the diffusion barrier 

10 remains thermodynamically stable between the interconnection material and substrate, 
it would become the passive barrier or non-barrier. This is related with the diffusion 
through the grain boundary of the diffusion barrier. That is, the diffusion barrier 
becomes the passive barrier when it is hardly diffuses through the grain boundary as it 
is difficult to diffuse, and on the other side, becomes the non-barrier, which does not 

15 serve as a diffusion barrier, when it easily diffuses through the grain boundary. 
Meantime, the diffusion barrier becomes the sacrificial barrier if it is 
thermodynamically unstable to be reacted with the interconnection material and 
substrate. The sacrificial barrier itself reacts on the interconnection material or 
substrate material to prevent the diffusion of the material. The sacrificial barrier is 

20 consumed according to the reaction so that it loses its function as the diffusion barrier 
when it has been completely consumed after a lapse of a predetermined time, however 
it performs its function until then. The phenomenon that the diffusion barrier cannot 
fulfill the function thereof is called ''diffusion barrier failure". 

The diffusion barrier failure in Cu used as the interconnection material is 



generated due to the following three causes. 

1) Diffusion of Cu or substrate atoms through defects in the diffusion barrier, 
such as dislocation or vacancy. 

2) Diffusion of Cu or substrate atoms through the grain boundary of a 
polycrystalline diffusion barrier. 

3) Chemical reaction of the diffusion barrier on the Cu or substrate material. 
Failure of a thermodynamically stable diffusion barrier mainly depends on the 

second cause, which is the diffusion of Cu or substrate atoms through the grain 
boundary of a polycrystalline diffusion barrier. This is because the diffusion of the Cu 
or substrate atoms through the grain boundary occurs much readily rather than the 
diffusion through the grain. Accordingly, it is very important to prevent the diffusion 
through the grain boundary. 

Methods of preventing the diffusion through the grain boundary include: firstly, 
a method of forming the diffusion barrier using a single crystal or amorphous crystal 
having no grain boundary; secondly, a method of blocking existing grain boundaries. 
To block the grain boundary in a polycrystalline thin film is called 'stuffing' and this 
diffusion barrier is called a 'stuffing barrier'. 

A method of stuffing the diffusion barrier that has been studied till now is 
roughly classified into N 2 stuffing and 0 2 stuffing. The study has been carried out in 
such a manner that a thin film for forming the diffusion barrier is deposited by 
containing N or O, which exceeds a solid solution limitation, in the diffusion barrier so 
that the nitride or oxide compounds obtained by combining the N 2 or 0 2 with a metal 
element constructing the diffusion barrier are formed at the grain boundary of the 
diffusion barrier to thereby stuff the grain boundary with the nitride or oxide. In a 
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metallization process using Al, for instance, with a generally-used TiN diffusion barrier, 
it is a usual method 0 2 to improve the characteristic of the diffusion barrier by stuffing 
the grain boundary of TiN with excessive 0 2 by annealing a TiN thin film deposited by 
PVD or CVD in the atmosphere of N 2 .(Here, it is known that 0 2 is diffused into the 

5 grain boundary of the TiN to form TiN oxide to thereby stuff the grain boundary.) 

However, it is known that the stuffing effect by N 2 or 0 2 efficiently acts on Al, 
but it barely has an effect on Cu. Specifically, 0 2 contained in the TiN with the help 
of annealing is mostly diffused through the grain boundary of the TiN to oxidize the 
surface of the grain of the TiN to exist in combining with Ti. This is because 0 2 in 

10 this state is easily reacted with Al diffused through the grain boundary to form A1 2 C>3, 
but not reacted with Cu. The reason for this phenomenon is that enthalpy of 
formation of Al oxide is negatively larger than that of Ti oxide so that Al combines 
with 0 2 being combined with Ti to form the Al oxide, but enthalpy of formation of Cu 
oxide is negatively smaller than that of Ti oxide so that Cu being diffused through the 

15 grain boundary cannot be reacted with 0 2 combined with Ti, which consequently 
results in not forming of Cu oxide. The following table 1 shows the enthalpy of 
formation of Ti oxide, Al oxide and Cu oxide. 



[Table 1] 



Bonded form 


Phase 


Enthalpy of formation (kJ/mol) at 298K 


Ti-O 


TiO 


-519.7 


Ti 2 0 3 


-1521.6 


Ti 3 0 5 


-2457.2 


Ti0 2 


-944.0 


Al-0 


AI2O3 


-1675.7 


Cu-O 


CuO 


-168.6 



7 



Cu 2 0 



-157.3 
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As described above, it can be known that the TiN thin film into which O2 has 
been implanted through the annealing serves as an excellent stuffing barrier for Al but 
it barely has an effect on Cu. Furthermore, since Cu is hardly reacted with N 2 , it is 
difficult to improve the property of the diffusion barrier by implanting impurities 
thereto. 

As mentioned above, Cu itself cannot form its oxide at the grain boundary of 
the TiN because of its enthalpy of formation smaller than that of Ti oxide. The 
following table 2 represents oxide formation enthalpy with respect to various metals. 

[Table 2] 





Oxide formation enthalpy [kJ/mol] 


Ca 


CaO : -635 


V 


V2O5: -1550 


Nb 


Nb 2 0 5 : -1550 


Mo 


M0O3 : -745 


Hf 


Hf0 2 : -1144 


Ta 


Ta 2 0 5 : -2045 


W 


W0 3 : -842 


Al 


A1 2 0 3 : -1656 


Mg 


MgO : -601 


Ti 


TIO2 : -944 


Zr 


Zr0 2 : -1097 


Cr 


Cr 2 0 3 : -1139 


Zn 


ZnO : -350 


Be 


BeO : -608 



As shown in the table 2, metals such as Al, Zr, Cr, V, Nb, Hf and Ta that have 
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oxide formation enthalpy larger than that of Ti oxide are reacted with oxygen atoms 
combined with Ti to form their oxide when they are diffused to the grain boundary of 
TiN, stuffing the grain boundary. 

5 Summary of the Invention 

On the basis of the fact that a TiN thin film used for Al interconnection line 
serves as an effective diffusion barrier for Al because O2 contained in the TiN thin film 
is combined with Al, the present invention employs a metal element whose oxide 
formation enthalpy is larger(in which oxide formation enthalpy is negatively larger) 

10 than that of the metal element of the diffusion barrier to stuff the grain boundary of the 
diffusion barrier with the oxide of the metal element, thereby using it as the diffusion 
barrier for Cu interconnection line. Accordingly, to stuff the grain boundary of the 
diffusion barrier with the metal element having an inclination to form oxide thereof 
stronger than that of the metal element constructing the diffusion barrier, an amount of 

15 material (for example, 0 2 ) sufficient for stuffing the grain boundary is implanted into 
the diffusion barrier before the stuffing step, and then annealing is carried out to 
naturally move the material through the grain boundary, to thereby form the oxide of 
the stuffed material at the grain boundary. 

Here, the metal element having strong inclination to form the oxide thereof is 

20 deposited on the diffusion barrier in the form of a thin film, or an adhesion-layer film is 
formed on the diffusion barrier by using a gas containing the metal element or solution 
including its ions to allow the diffusion barrier to contain a small amount of the metal 
element therein. In case of the deposition of the metal element, the metal thin film is 
formed in minimum thickness such that the substantial interconnection line is 
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constructed of a Cu layer, to restrict diffusion of the metal element into the Cu layer, 
not affecting the resistance of the Cu layer. 

Embodiments 

5 The present invention will now be described in connection with preferred 

embodiments with reference to the accompanying drawings. 

FIGS. 1 to 6 are showing an embodiment of the method of fabricating a 
semiconductor device according to the present invention. FIG. 1 illustrates a part of 
the semiconductor device, in which the semiconductor device includes a substrate 10 

10 and a dielectric film 20 formed thereon. A plurality of elements are formed on the 
semiconductor substrate 10, which include MOS transistors, bipolar junction transistors 
and resistors, for example. Meanwhile, these elements have been previously formed 
through fabrication processes executed before the shown step. The semiconductor 
device shown may employ a multilevel-interconnection structure. In this case, the 

15 substrate 10 can include the semiconductor elements and a metal layer that electrically 
connects the elements. The dielectric film 20 may be SiC^or Si3N 4 , or a doped glass 
film. It is formed through CVD or PECVD depending on the kind thereof. In a 
preferred embodiment, the dielectric film is formed of SiCh using CVD. 

Next, as shown in FIG. 2, a via pattern 22 is formed in the dielectric film. The 

20 via pattern 22 is formed in a manner that reactive ion etching is carried out using a 
mask defining the boundary thereof In case of a contact hole through which a metal 
line comes into contact with an element formed on the substrate or a lower metal line, 
the via pattern 22 penetrates the dielectric film 20 to reach the substrate 10. In a field 
region other than the contact hole, however, it does not reach the substrate 10. FIGS. 
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1 to 6 show the via pattern formed at the field region. 

Referring to FIG. 3, a TiN thin film 32 serving as a diffusion barrier is 
deposited through CVD on the dielectric film 20 having the via contact formed therein. 
The TiN thin film 32 is preferably formed by the thickness of 100 A approximately. 
5 Thereafter, a process for stuffing the grain boundary of the TiN thin film 32 with 0 2 is 
executed. This is carried out in such a manner that the TiN thin film 32 formed is 
exposed to the air, annealed in a furnace or (Vplasma-processed. 

Referring to FIG. 4, an Al thin film 34 serving as an intermediate metal layer is 
deposited on the TiN film 32 using CVD. In a preferred embodiment, the Al thin film 
10 34 is formed by a thickness of 0.1~~2.0nm. The double layer 30 of the TiN thin film 
32 and Al thin film 34 serves as a new difiusion barrier according to annealing process. 

Referring to FIG. 5, a Cu layer 40 is deposited on the double layer 30 to fill the 
via pattern. The Cu layer 40 is formed through PVD, electroplating or MOCVD. 
After the completion of the deposition of Cu layer, the surface of the semiconductor 
15 device is planarized as shown in FIG. 6. In a preferred embodiment, the planarization 
is carried out in such a manner that the TiN thin film 32, Al thin film 34 and Cu layer 
40 are nonselectively removed through chemical mechanical polishing(CMP). 
Otherwise, in an alternative embodiment, the planarization may be performed by 
nonselective plasma etching process. Upon the completion of the planarization, the 
20 Cu interconnection pattern 50 is being exposed and the diffusion barrier 30 consisting 
of the TiN thin film 32 and Al thin film 34 is being inserted between the dielectric film 
20 and the Cu pattern 50. In the aforementioned process, annealing process is 
performed at least once for the structure obtained after deposition of the Al film. 

FIGS. 8 and 9 illustrate experimental examples of Cu interconnect structures 
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realized according to the present invention. In the examples shown, a TiN was 
deposited to the thickness of 200A by pyrolytic deposition using the single precursor of 
TDMAT on an 8-inch silicon wafer. This was cut into samples with the size of 
1x1 inch 2 , Al and Cu were continuously deposited thereon using DC magnetron 

5 sputtering, and then annealing was carried out at a pressure of below SxlO^Torr in a 
vacuum ambient. The annealing was executed for one hour at different steps of 
temperatures of 500~700°C, being increased by 50°C for each step. The sheet 
resistance of each of the annealed samples was measured by using a four-point probe. 
FIG. 8 shows the measured result of the sheet resistances based on various thickness of 

10 the Al thin film and different annealing temperatures. As shown in FIG. 8, the 
samples having the Al thin film deposited thereon by lOnm or more effectively block 
diffusion of Cu, compared to the sample A having only Cu deposited thereon. 

Next, the Cu layer, Al film and TiN film were removed using a chemical 
solution in order to estimate a diffusion barrier failure temperature, and then the silicon 

15 surface is Secco-etched. FIGS. 9 A to 9D are SEM(Scanning Electron Microscopy) 
photographs of etch pits on the silicon surface exposed by the etching. FIGS. 9A to 
9D correspond to four samples A, B, C and D of FIG. 8, respectively, which were all 
annealed at 650°C. As shown in FIGS. 9A to 9D, it can be known that the size and 
density of the etch pits are sharply reduced as the Al film becomes thick. 

20 As a result of the estimation of the failure temperature, the diffusion barrier 

failure occurred in the sample having only the Cu layer deposited thereon without 
having the Al film after the annealing for one hour at 500°C in the vacuum state while 
it did not occur in the samples having the Al film deposited thereon by lOnm or more 
even after the annealing for one hour at 700°C in the same ambient. From this result, 
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it is understood that the CVD-TiN thin film just deposited contains 0 2 of above 20at% 
because its fine structure is not dense so that the TiN film meets Al being diffused 
thereinto during the annealing to form the Al oxide at the grain boundary thereof, 
thereby blocking the diffusion of Cu. 

5 Although specific embodiments including the preferred embodiment have been 

illustrated and described, it will be obvious to those skilled in the art that various 
modifications may be made without departing from the spirit and scope of the present 
invention. For example, though the Al thin film is formed as the intermediate metal 
layer on the single-level TiN diffusion barrier 32 in the above-described embodiment, 

10 the TiN diffusion barrier can be formed in a multilevel structure. In case of the 
multilevel TiN diffusion barrier, the Al film serving as the intermediate metal layer is 
formed between the layers of the multilevel TiN diffusion barrier FIG. 7 shows the 
case where the TiN diffusion barrier is formed of two layers. Referring to FIG. 7, a 
first TiN thin film 32-1 is deposited on the dielectric film 20 using CVD, and then the 

15 process for stuffing the grain boundary thereof with 0 2 is carried out. Thereafter, Al is 
deposited on the first TiN thin film 32-1. As described above, Al is deposited in the 
form of thin film on the first TiN film 32-1, or a adhesion layer is formed on the TiN 
film using a gas containing Al element or a solution having Al ions, to thereby form the 
intermediate metal layer. 

20 Subsequently, a second TiN thin film 32-2 is deposited on the intermediate 

metal layer using CVD, thereby forming the multilevel TiN diffusion barrier. The Cu 
layer 40 is deposited on the second TiN film 32-2 through the aforementioned process. 
After the deposition of the second TiN thin film 32-2, annealing is carried out for the 
deposited structure at least once. With the structure shown in FIG. 7, Al is diffused 
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into the first and second TiN thin films 32-1 and 32-2 during the annealing to be 
combined with O2 existing in the films to form Al oxide at the grain boundaries of the 
first and second TiN thin films 32-1 and 32-2, thereby effectively blocking the 
diffusion of Cu. In addition, the intermediate metal layer can be additionally formed 

5 on the second TiN thin film 32-2 to block the diffusion of Cu more effectively. 

Meantime, although Al is used for the intermediate metal layer in the preferred 
embodiment of the invention, Zr, Cr, V, Nb, Hf or Ta, which has the inclination to 
formation of the oxide thereof stronger than that of the Ti oxide, can be also used as a 
material for forming the intermediate metal layer as shown in Table 2. In other words, 

10 the intermediate metal layer is formed of a metal element that forms the oxide thereof 
more easily than the metal element constructing the diffusion barrier. 

Furthermore, the intermediate metal layer can be formed through a method 
other than CVD, such as PVD, electroplating, electrodeless plating, wet chemical 
contamination and atomic layer deposition. 

15 Although the diffusion barrier is formed of TiN in the aforementioned 

embodiment, TaN or WN can be also used for the diffusion barrier and deposited using 
CVD. 

In addition, the above-described embodiment explained the method of 
fabricating the Cu interconnect structure placed on the dielectric film, however, in the 
20 actual semiconductor device fabrication process, a contact hole for connecting the 
metal line for interconnection to an element formed on the substrate or a lower metal 
line can be formed. In the structure having this contact hole, the diffusion barrier is 
deposited on the substrate or lower metal line located under the contact hole, the 
intermediate metal layer is formed on the diffusion barrier and the Cu layer is deposited 
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on the intermediate metal layer. In another embodiment of the invention, the Cu layer 
is not deposited in the contact hole, ohmic contact is made using only the intermediate 
metal layer and the Cu interconnect structure is employed only in the field area. 

Industrial Applicability 

As described above, a composition layer consisting of a diffusion barrier used 
in the conventional Al interconnect structure, for example, a TiN film and an 
intermediate metal ultra thin film constituted of selected metals from Al, Zr, Cr, V, Nb, 
Hf and Ta, is used as a new diffusion barrier. As mentioned above, since the diffusion 
barrier for a Cu interconnect structure may be formed by applying of the active 
mechanism of the conventional diffusion barrier thereon, new materials for the 
diffusion barrier in order to be used in the Cu interconnect structure, an urgent need for 
developing the material for the diffusion barrier is becoming lower. Also, by forming 
the diffusion barrier for the copper line in an easier way, the commercialization of the 
copper used as the line material could be advanced. 



WHAT IS CLAIMED IS: 



L A method of fabricating a semiconductor device, comprising the steps 

of: 

(a) forming a dielectric film on a semiconductor substrate; 

(b) forming a diffusion barrier on the dielectric film; 

(c) stuffing the diffusion barrier with O2; 

(d) forming an intermediate metal layer on the diffusion barrier; and 

(e) forming a Cu layer on the obtained structure, 

wherein annealing is carried out at least once to form the metal oxide of the 
metal element of the intermediate metal layer at the grain boundary of the diffusion 
barrier . 

2. The method as claimed in claim 1, wherein the diffusion barrier is 
formed of one selected from TiN, TaN and WN. 

3. The method as claimed in claim 1, wherein the metal layer is formed 
in a manner that an adhesion layer is formed on the diffusion barrier using a gas 
containing a metal element or a solution including a metal ion. 

4. The method as claimed in claim 1, wherein the intermediate metal 
layer is formed of one selected from Al, Zr, Cr, V, Nb, Hf, Ta and their compounds. 

5. The method as claimed in claim 1, further comprising the steps of: 
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(1) forming a second diffusion barrier on the intermediate metal layer; and 

(2) stuffing the second diffusion barrier with 0 2 , between the steps (d) and (e). 

6. The method as claimed in claim 5, further comprising the step of 
5 forming a second intermediate metal layer on the second diffusion barrier, after the step 

(2). 

7. A method of fabricating a semiconductor device, comprising the steps 

of: 

10 (a) forming a dielectric film on a semiconductor substrate; 

(b) forming a via pattern on the dielectric film; 

(c) forming a diffusion barrier covering the dielectric film and via pattern, using 
one selected from TiN, TaN and WN; 

(d) stuffing the diffusion barrier with O2; 

15 (e) forming an intermediate metal layer on the diffusion barrier using one 

selected from Al, Zr, Cr, V, Nb, Hf, Ta and their compounds; and 
(f) forming a Cu layer on the obtained structure, 

wherein annealing is carried out at least once to form the metal oxide of the 
metal element of the intermediate metal layer at the grain boundary of the diffusion 
20 barrier. 

8. The method as claimed in claim 7, further comprising the steps of: 

(1) forming a second diffusion barrier on the intermediate metal layer; and 

(2) stuffing the second diffusion barrier with 0 2 , between the steps (e) and (0- 
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9. The method as claimed in claim 8, further comprising the step of 

forming a second intermediate metal layer on the second diffusion barrier, after the step 
(2). 

5 



if. 
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ABSTRACT 

The present invention provides a method of fabricating a semiconductor device, 
which could advance the commercialization of a semiconductor device with a Cu 

5 interconnect structure by applying a diffusion barrier structure, already proven of its 
reliability, for Al. In a process of metal interconnect line fabricating process, a TiN 
thin film and combined structure of Al intermediate layer are used as a diffusion barrier. 
For the formation, Al is deposited on the TiN thin film and then again, metal layer is 
deposited to be annealed. Here, Al diffuses to TiN layer and reacts with 0 2 , which 

10 will stuff a grain boundary efficiently, thereby blocking the diffusion of copper 
successfully. At this time, Al layer is formed in a minimum thickness, such that a 
substantial interconnect line is constituted of a Cu layer. 



